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ABSTRACT wind energy resource database will enhance thesvaflu
the off-grid electrification planning tool.

The development of an accurate Wind Atlas for South

Africa is intended to accelerate the investment iwvind  The current wind atlas, Figure 1, is far from being

energy in South Africa. This is in line with adequate and is compiled from modelling that wasedo

government’s objectives of reducing green house gas under two separate projects.

and diversifying our energy supply and also

deVeIOping human CapaCity to Support the emerging South African Renewable Resource Database - Wind Resource

industry. The Wind Atlas can find applications is d

least two areas, namely to assist in the developnieof

large grid connected wind farms and to provide more

accurate wind resource data to identify potential -

grid electrification opportunities.

This paper will discuss the wind atlas method, prode
an overview of the wind resource in South Africa, \wnd
measurements that are being undertaken as well abet
micro-scale modelling that is planned to be done gmart
of the Wind Atlas for South Africa project.

1. INTRODUCTION

South Africa needs capacity and skills developnfent Figure 1: Current wind atlas for South Africa.

methods and data that would enable the authorities . o )

investors, power sector and industry to investigate Th? main objective of the new Wind Atlas for South
plan for large-scale exploitation of wind power forAffic@ is to develop and employ numerical wind atla
electricity generation. This requires a methodoldgy Methods and develop capacity to enable plannirigrgé-
mapping the wind resources on national and regiongf@/® exploitation of wind power in South Africa,
scales, as well as tools for estimating reliably #mnual including dedicated wind resource assessment dimdj Si

energy production (AEP) of proposed wind farmsoatr  {00IS for planning purposes, i.e. the objective the
South Africa. development of a Numerical Wind Atlas and dataldese

South Africa.

The development of a Wind Atlas would therefore

accelerate the investment in Wind energy. Thiqifine 2. THE WIND ATLAS METHOD

with government’s objectives of reducing green leous . . . .
gases and diversifying our energy supply and alshhe main parameters governing wind power economics

developing human capacity to support the emergirf®:
industry. * Investment costs

» Operation and maintenance costs

The Wind Atlas can find applications is at leasb taveas, *  Turbine lifetime
namely to assist in the development of large grid Discount rate
connected wind farms and to provide more accuratd w »  Environmental benefits and
resource data to identify potential off-grid eldatation «  Electricity production/Wind resources
opportunities.

Wind resources and consequently electricity pradods a
The Department of Energy, Eskom and CSIR are jpintkey parameter and determining the wind resource
funding the development of an off-grid electrificst accurately is important but also difficult.
planning tool based on harnessing renewable energy
resources. However, this off-grid electrificatiolaqming The power (B available in a cross sectional area (A)
tool is dependent on good quality resource data ampeérpendicular to the wind flowing at speed V is ltieetic
inputs. The current South African wind energy reseu energy flux, i.e. kinetic energy density x speedirea.
database is inadequate and a more accurate aableeli Hence,

P.= YpV3 (WMD) ............ (1)



wherep is the air density in kg/frand V is the wind speed
in m/s.

P, also refers to the theoretical amount of poweilalvie,
determined by the kinetic energy of the wind. Thbic
response of power to the instantaneous wind spesthsn
that a small increase in wind speed results inbstantial
increase in wind power. For example an increaseitil
speed by a factor of 2 results in approximateljn&s as
much wind power. Alternatively

AV 0f 5% (e.g. V=10.0+0.5m/s)—» AP, of 15% ... (2)

Wind resources are in fact more aboythan V and V is
measured at one point in space. However, V isatat
the entire atmospheric boundary layer and consdiguen
modelling is neceassry to develop a wind atlas.

The wind atlas methodology in its present form wa
developed for the analysis presented in the Europe
Wind Atlas by Troen and Petersen, [1]. The methogipl
employs a comprehensive set of models for the boté
and vertical extrapolation of wind data and thenestion

of wind climate and wind resources. The actue
implementation of the models is known as Wiand Atlas
Analysis and Application PrografWAsP) which is the
software package that has been applied by Morteasen
al, [2], [3], for the study.

The WAsP models are based on the physical prircipie
flows in the atmospheric boundary layer and theketa
into account the effects of different surface rauggs
conditions, sheltering effects due to buildings axtlder
obstacles, and the modification of the wind impobgd
the specific terrain height variations around th
meteorological station in question. Figure 2 ilfass the
use of these models on measured wind data to esdcal
regional wind climatology or wind atlas.

The figure also illustrates the so-called applmafpart of
the methodology, following a procedure in which the
regional wind climatology is used as input to tlznse
models to produce a site specific wind climatolamnd,
given the power curve of a wind turbine, a produrtti
estimate. Theanalysis and application parts of the
program can thus be summarized in the following:way

Analysis:
time-series of wind speed and directiaawind statistics
wind statisticst met. site descriptioa® wind atlas data

Application:
wind atlas data site descriptior—» est. wind climate
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est. wind climaterpower curve—» est. power production Figure 2 Diagrammatic summary of ViR modelling

The WASP program enables an analysis of any timesse

procedure (after Troen and Petersen, 1989)

of wind speed and direction measurements. The DWPU The ghserved wind data are converted into a witab at
a wind rose and the wind speed distributions in thgsia set by invoking the shelter, roughness and flo

different sectors. A Weibull distribution functias then
fitted to the measured histograms to provide scalé
shape parametefsandk for each sector.

models in WASsP; using descriptions of the topogyaph
the meteorological station as input. In a wind si&ata




set the wind distributions have been “cleaned” witifhe WASP program was also used by Risg to devélep t
respect to the site-specific conditions and reduted Wind Atlas for Egyp{Figure 4) and was made available
standard conditions, e.g. transformed into WeiBuland in the beginning of 2006. The atlas is publishedthsy
k-parameters for 4 standard roughnesses, 5 standalew and Renewable Energy Authority (NREA) of Egypt,
heights above ground and 12 azimuth sectors. the Egyptian Meteorological Authority (EMA) and Ris
DTU.
Using a wind atlas data set calculated as descabete
or one obtained from another source — e.g. theBam oo =" S gy ey )
Wind Atlas (Figure 3) — the program can estimate th sa g , 5 ]
wind climate at any particular point by performitige
inverse calculation as is used to generate a wiad,a.e.
by reintroducing the actual topographic conditiofighe 2 ;
application or predicted site. Furthermore, thaltenergy R
content of the mean wind can be calculated from tF
predicted wind speed distributions and an estimétie 7\
actual, yearly mean power production of a wind ingb 5., s
can be obtained; given the power curve of the tarlin
guestion.
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Figure 4 The Egyptian Wind Atlas.

Similarly the WAsP program was used to develop the
detailed Wind Atlas for Ireland, (Figure 5)
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Figure 3. The European Wind Atlas

The European Wind Atlas was published in 1989 fer t
Commission of the European Communities by Ris
National Laboratory.

Figure 3 deplcts_the .Wmd resources a_t 50 mg_teweab Figure 5. The Irish Wind Atlas
ground level for five different topographic condits:

1) Shel(;esretl:i_l_tltlarrairg 2()1 Open plain, 3) At a codsOpen The WASP micro-scale modelling program will be used
sea and 5) Hills and ridges. develop the Wind Atlas for South Africa.



3.  WIND RESOURCE POTENTIAL OF SA

Several studies have been carried out to assessitide
energy potential of South Africa and the estimateme
from a very low 500 MW to an extremely high estieat
of 70,000 MW.

Currently only 0.05 % of the annual electricity guation

is derived from wind energy, mainly supplied by the

Darling wind farm and the ESKOM Klipheuwel
demonstration plant. Two hybrid minigrids in theskean
Cape do add a small fraction to that, as do ottmaied
off grid turbines. A number of small wind turbinéss
been installed in the country on premises conneictelde
grid, for example the three Kestrel turbines at Biek’n
Pay regional centre in Port Elizabeth, but these
typically installed behind the electricity meterdado not
feed in to the national grid.

al

In sharp contrast to the currently installed cajyaisi the
very large figure of 8000 MW of wind capacity fohieh
grid connection requests have been received by B&KO

South Africa’s wind resources are influenced by Itrge
scale weather patterns that have distinct charsiitsr
between summer and winter.

Summer Winds

In summer, the “Westerlies” are situated welllte south
of the continent (Figure 6). The south-easterm@ \/inds
(A) influence the north-eastern part of the regi®hese
winds can be strong, curving sometimes from thepladpo
Province (N) into the Free State Province (F), avimg
over far northern areas, such as Zimbabwe and Zafzhi

In the west, the South East Trade Wind (B) causgd k

ridging of South Atlantic High, are often strongdan
persistent. The strong “Westerlies” are only abte t
influence the western, southern and south-eastesstal
areas and adjacent interior.

Winter Winds

In winter all the circulation features (Figure T§ &ituated
more to the north than in summer. Strong winds gumsts
during winter are usually caused by strong coldchtp
moving mostly over the southern half of South Adriend
also by the ridging of the high pressure systenhéniethe
fronts.

The “Westerlies” influence the weather of the seuthand
central parts of the subcontinent to a large degBadd
fronts often move over these areas and may reath fae
north. The strong “Westerlies” are only able tduahce
the western, southern and south-eastern coastd arel
adjacent interior.

When the Atlantic high pressure system moves mo
eastwards and stays strong, gale force winds aaado
the KwaZulu-Natal coast as far north as the Mozaomi
Channel.
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Figure 6. Summer winds over South Africa
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Figure 7. Winter winds over South Africa

Diab’s Wind Atlas

The first estimates of wind power potential for 8ou
Africa were done by Diab in 1995,[4], who concluded
that (Figure 8):

e« Wind power potential is generally good along the
entire coast with localised areas, such as thetaloas
promontories, where potential is very good, i.e.,
mean annual speeds are above 6 m/s and power
exceeds 200 W/m

Moderate wind power potential areas include the
Eastern Highveld Plateau, Bushmanland, the

re



Drakensberg foothills in the Eastern Cape andiable 1. Scenarios for wind development by Hagemann

KwaZulu-Natal; and

the Northern Plateau, the Limpopo basin, Kalahari
basin, the Cape Middleveld and the KwaZulu-Natal

Assumptions

All sites within 3 km of
existing infrastructure
(66+ kV grid, roads); 60|
m hub height; minimum
of 35% capacity factor

20 TWh of feasible
annual electricity
generation
corresponding to
approx. 6,000 MW of
installed wind power
capacity

interior.

All sites within 4 km
from existing

infrastructure; 60 m hub
heights; minimum of
30% capacity factor

80 TWh of feasible
annual electricity
generation,
corresponding to
approx. 26,000 MW of
capacity

High
Case

All sites within 5 km
from infrastructure; 100
m hub height; minimum
of 25% capacity factor

157 TWh of feasible
annual electricity
generation
corresponding to
approx. 56,000 MW of
capacity
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Figure 8. Diab’s wind atlas [4]

Kilian Hagemann’s wind atlas

A mesoscale wind map of South Africa was producegd &
Hagemann, [5] in 2008 as part of his PhD researthea
University of Cape Town. His thesis explores thifitut
of the MM5 regional climate model in producing a
detailed wind climatology for South Africa in thertext

of wind power applications.

In terms of the resultant mesoscale wind atlas aitls
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Africa a significant inland wind resource was digeed |
over the three Cape Provinces which was previousug/

ound
unknown. Hagemann puts forward the case that So h
Africa’s wind resource is higher than some previoui
studies have suggested and is comparable to sotie of
windiest markets in the world.

WIND MEASUREMENTS

igure 8. Average annual wind speeds at 10m above

The Global Environmental Facility (GEF) and the 3an
Government are funding a three year project to ldeve
an accurate wind resource map for the coastal megid
South Africa. Figure 9 shows the area in blue tisat
%urrently planned to be assessed. The project team
consists of Risg-DTU of Denmark, CSIR, University o
Cape Town, the South African Weather Services aed t
SSé)uth African National Energy Research Institute.

The study modelled wind speeds across the couttry
various heights above ground and carried out th®- Gl
based scenario analysis for South African wind pow
penetration as per tablel below.

All of the scenarios show that South Africa haseayv
high wind resource and that even under the low ca

substantial wind ener eneration is feasible. . - .
9y d The primary activities are: wind measurements, meso

scale wind modelling, micro-scale wind modelling,

Based on the work done by Hagmemann a map of aerag o e winds investigations

annual wind speeds at 10m for South Africa is giuen

Figure 8. Objectives are to also develop capacity and toldpvibe

CSIR into national competence centres for high igual
wind measurements and micro-scale modelling



Data will be transferred via GSM to the CSIR

South Africa i
' Stellenbosch campus.
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Including assessing the various wind atlases sitecgon
criteria were developed as to the sites where thevihd

measurement masts were to be erected. Site visits w !
undertaken, interactions done with the various land ton—ap l
owners and the relevant agreements to erect thésmas . e

were completed. The sites here the masts are draote

near Alexander Bay, Calvinia, Vredendal, Vredenburg
Napier, Sutherland, Prince Albert/Beaufort West, om — s e RIS
Humansdorp, Hartebeeshoek and Ntshe. s

Logger Enclosure

Wind Energy Division
Design by. KMEN/ANAN S3800A WIND ATLAS
Drawn by. ANAN 0B—10-02| SOUTH AFRICA

ARRANGEMENT DRW.
[S3809A\DESIGN\AUT\OVERVIEW 1.0WG [sheet _of

These sites are representative of terrain typéis\bée for

meso- and micro-scale modelling and geographically . .
Spread out even|y over the project area. Flgure 10: Conflguratlon of the 60 meter masts.

The wind measurement stations were designed to m&t DISCUSSION AND CONCLUSION

IEC standards and MEASNET guidelines. The sengers a

proven of high quality and individually calibrateihe Towards developing the new wind atlas for Southicafr
instrumentation was arranged on the masts to mieimimeso-scale wind atlases suggests that South Afrieaid
errors and uncertainties caused by flow distortions resource is higher than estimated by previousesudi

The 60 meter masts were designed' procured a&iﬂce the wind atlas will cover those areas wheeanind
manufactured. The measurement equipment was desigf@eeds may be low to moderate, wind turbines thetate
and delivered from Risg in Denmark. The data adipiis N 10w to moderate wind speeds can also be implézden
system was delivered, also from Risg in Denmarlduch wind speeds can be found in off-grid areasdra
installed on a trial mast and training to operaegystem densely populated.
was completed.

Wind atlases are a useful tool to assist in thatifieation
In accordance with Environmental Impact Assessmeff wind energy based projects. Examples of windsat
procedures, basic assessment procedures wereatedotithat were references in this paper are the Europead
and an application document submitted. After thatlas, the Irish wind atlas and the Egyptian wirtkhsa
environmental approvals were obtained site prejpamt These atlases were derived using the WAsP programme
were initiated and the construction of the fourmfsiwas that was developed by Risg of Denmark.
completed.

Prior to micro-scale modelling, wind measuremee&dto
The ten masts were transported to the 10 sitegmuded be done and the methodology to undertake the
with the instrumentation being installed. It is egfed Measurements at the ten South Africa sites wasistisd.

that the data acquisition from all the sites tatstaring Every effort is being made to ensure that the vdath is
the course of July 2010. accurate, representative and reliable.



Wind measurements are expected to start in Jul) 20d
after the entire system has been operating fomathen a
draft wind atlas will be complied.

Since wind measurements will be done over a peviod
three years regular updates on progress will bdighetal.
Furthermore the data will be available to the puaiid will
be available on the following websitgww.wasa.csir.co.za
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